A 53-year-old man presented with angina pectoris and ST-segment elevation in V1-V4 leads. Electrocardiogram changes and chest pain were completely resolved with nitroglycerine infusion. Coronary angiogram revealed normal epicardial vessels. These findings suggest that the acute myocardial ischemia was secondary to coronary vasospasm. From his medical history we learned that he was taking L-thyroxine and the dose had been increased two months previously. He was found to be in thyrotoxic state at admission. L-thyroxine treatment was withheld and diltiazem was given. He had no further symptoms. In conclusion we think that acute myocardial ischemia was likely secondary to L-thyroxine-induced coronary spasm.
Introduction
Cardiac manifestations of thyrotoxicosis have been reported to be atrial fibrillation, angina pectoris, myocardial infarction and heart failure (1) . Thyrotoxicosis is rarely associated with acute myocardial ischemia (angina pectoris or myocardial infarction) without significant coronary artery disease. Endogenous thyrotoxicosis causes acute myocardial ischemia in most cases, however there are several reports of cases due to iatrogenic thyrotoxicosis (2) (3) (4) (5) .
Coronary vasospasm is defined as a transient abnormal contraction of an epicardial coronary artery that results in myocardial ischemia. Patients who suffer from chest pain, in particular relatively young patients and those who smoke, should be considered in terms of coronary vasospasm (6) . The prevalence of coronary vasospasm is higher in the Japanese population than in the Western population; this is likely due to genetic as well as environmental factors (7) .
We describe a 53-year-old man with normal coronary arteries, who had transient ST-segment elevation in anterior precordial leads due to iatrogenic hyperthyroidism, which was likely secondary to L-thyroxine-induced coronary spasm.
Case Report
A 53-year-old Caucasian man presented to the emergency service with squeezing chest pain which started 20 minutes earlier; it had awoken him in the early morning from sleep. The pain radiated from the chest to the back. Blood pressure was 130/70 mmHg, pulse rate was 98 bpm with a regular rhythm and physical examination revealed normal findings. The electrocardiogram (ECG) revealed ST segment elevation in leads V1-V4 and ST segment depression in leads DII, DIII, aVF (Fig. 1) . He had no diabetes mellitus, smoking habit, hypertension, hyperlipidemia or alcohol addiction. Routine biochemical findings on admission were as follows: blood urea nitrogen: 22 mg/dL (N:10-50 mg/dL), creatinine: 0. coronary care unit and intravenous nitroglycerine was started. Angina pectoris and ECG findings were completely resolved following intravenous administration of nitroglycerine (Fig. 2) . As we considered that this clinical situation was probably due to coronary vasospasm, oral nitrate and diltiazem treatment were administered. No symptoms or ECG changes occured and cardiac enzymes and troponin levels were not elevated during the follow-up. Transthoracic echocardiogram revealed no segmentary wall motion abnormality. To exclude an obstructive coronary lesion we performed angiography, which revealed normal epicardial coronary arteries (Fig. 3) . While investigating the mechanism of coronary vasospasm we learned from his medical history that in 2006, he was diagnosed as having Hashimoto's thyroiditis and was receiving daily 100 mcg L-thyroxine therapy. Two months previously the daily dose of L-thyroxin was increased to 300 mcg when TSH level was found to be 61 μIU/mL (N: 0.4-5.0 μIU/mL). At admission to coronary care unit, free T3 was 4.5 pg/mL (N: 2.5-3.9), free T4 was 2.5 ng/dL (N: 0.61-1.48) and TSH was 0.03 μIU/mL. Lthyroxine treatment was withheld until thyroid function tests (TFT) returned to normal. In this time period diltiazem was given at a daily dose of 120 mg. After normalization of TFT, low-dose L-thyroxin was restarted and diltiazem was discontinued.
Discussion
Chest pain due to thyrotoxicosis differs from typical angina pectoris by occuring at rest, recent onset and rapid progression of symptoms and dramatic relief of symptoms in the euthyroid state (8) . The possible causes of acute myocardial ischemia in thyrotoxic patients with normal coronary arteries is unclear, but several mechanisms have been proposed such as temporary major coronary artery occlusion, small vessel disease and increased myocardial oxygen demand (5) .
Temporary coronary artery occlusion may be caused by in-situ coronary thrombosis or thromboembolism with spontaneous lysis of clot or vasospasm. Thromboembolism usually occurs in thyrotoxic patients with accompanying atrial fibrillation or congestive heart failure. The abnormalities of the coagulation system have been reported in patients with thyrotoxicosis. Erem et al reported increased levels of plasma fibrinogen and several coagulation factors, von Willebrand factor, antithrombin, and PAI-1 and decreased levels of t-PA in patients with overt hyperthyroidism (9) . In addition, two other experimental studies showed an impaired fibrinolytic activity in hyperthyroid patients (10, 11) . Therefore, based on these studies, thyrotoxic patients are prone to thrombosis.
Coronary vasospasm related to thyrotoxicosis most often occurs at rest, particularly from midnight to early morning, and is usually not induced by exercise in the daytime. The prognosis of vasospasm induced by hyperthyroidism is good. These patients are expected to have no more angina once they become euthyroid. The possible mechanisms for coronary vasospasm were reported to be an imbalance of autonomic cardiac innervation (12) , increased levels of tromboxane A2 and decreased levels of prostacyclin in the coronary circulation (13) . In-vitro studies indicated that vasoconstrictive agents such as catecholamines and 5-hydroxytryptamine have augmented effects on vascular smooth muscle in the thyrotoxic state (14) . Also thyrotoxicosis is a hyperadrenergic state due to increased adrenergic receptor sensitivity and an increased number of receptors, thus stimulation of adrenergic receptors on coronary arteries may provoke coronary vasospasm (15) . In the present patient, the prompt relief of angina and ST-segment elevation after intravenous nitroglycerin administration and the presence of normal coronary arteries in cardiac catheterization suggest that the acute myocardial ischemia was secondary to coronary vasospasm. In the present patient, the clinical course highly favored coronary vasospasm so that provocation test was not considered and medical treatment was started. The role of provocation test in the diagnosis of coronary vasospasm is controversial (16) . Patients with a high clinical suspicion of coronary vasospasm can be started on medical treatment without provocation test. In patients with some clinical suspicion, non-invasive tests such as ergonovine stress echocardiography can be used. An invasive provocation test can be considered in the case of symptoms refractory to medical treatment.
In conclusion, we think that the rapid, uncontrolled dose increase of L-thyroxine and the abrupt rise in thyroid hormone levels were responsible for the acute myocardial ischemia in the present patient. Physicians must pay attention to thyroid replacement therapy by starting treatment with low doses and adjusting doses gradually at six-or eight-week intervals.
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